
Effects of heat generation on g-Jitter induced natural convection flow
in a channel with isothermal or isoflux walls

Ali J. Chamkha

Abstract This paper discusses the behavior of g-jitter in-
duced free convection in microgravity under the influence
of a transverse magnetic field and in the presence of heat
generation or absorption effects for a simple system con-
sisting of two parallel impermeable infinite plates held at
four different thermal boundary conditions. The governing
equations for this problem are derived on the basis of the
balance laws of mass, linear momentum, and energy mod-
ified to include the effects of thermal buoyancy, magnetic
field and heat generation or absorption as well as Maxwell’s
equations. The fluid is assumed to be viscous, Newtonian
and have constant properties except the density in the body
force of the balance of linear momentum equation. The
governing equations are solved analytically for the induced
velocity and temperature distributions as well as for the
electric field and total current for electrically-conducting
and insulating walls. This is done for isothermal–iso-
thermal, isoflux–isothermal, isothermal–isoflux and iso-
flux–isoflux thermal boundary conditions. Graphical results
for the velocity amplitude and distribution are presented
and discussed for various parametric physical conditions.

1
Introduction
Natural convection flows in vertical channels have re-
ceived considerable attention because of their wide-spread
application in many geophysical and engineering pro-
blems such as cooling of electronic equipment, heating of
the Trombe wall system, gas-cooled nuclear reactors, and
others. Aung (1972) and Aung and Worku (1986) have
studied the thermal and flow characteristics as well as the
conditions for flow reversal associated with steady fully-
developed flow in a vertical parallel plates channel.

The problem of unsteady laminar developing free
convection flow in a vertical channel has been solved nu-
merically by many investigators such as Joshi (1988), Lee
et al. (1982), Yang et al. (1974) and Kettleborough (1972).
Wang (1988) has solved the problem of unsteady fully-
developed free convection in a vertical channel with per-
iodic heat input.

Natural convection flow due to temperature gradient
and gravity is known to have a profound effect on the
homogenous melt growth of semiconductor or metal
crystals on earth-bound conditions. In space, the gravity
effect is reduced significantly and so is the buoyancy effect
due to it. However, while microgravity environment is
helpful in reducing convective flows, the effect of g-jitter
or residual accelerations which come from crew motions,
mechanical vibrations (pumps, motors, excitations of
natural frequencies of spacecraft structure), spacecraft
maneuvers, atmospheric drag and the earth’s gravity gra-
dient (Antar and Nuotio-Antar, 1993 and Li 1996) have
shown to make it difficult to realize a diffusion-controlled
growth from melts in microgravity (Lehoczky, 1994). This
adverse effect of g-jitter has been the subject of many in-
vestigations (see, for instance, Jacqmin, 1990, Alexander,
1994, and Chen and Saghir, 1994).

The application of a magnetic field in electrically-con-
ducting fluids such as liquid metals have shown to damp
the flow velocities in the liquid. This produces less con-
vective flows. Magnetic damping has been widely used in
the semiconductor industries (Series and Hurle, 1991). In
many situations, heat generation or absorption may be
significant. This effect has a profound influence on the
thermal and induced flow characteristics of buoyancy-in-
duced flows (see Vajravelu and Nayfeh, 1992, Chamkha
1997, and Vajravelu and Hadjinicolaou, 1997). Li (1996)
has considered g-jitter induced free convection in a
transverse magnetic field for a simple system consisting of
two parallel plates held at equal or different temperatures.
Li (1996) did not consider the possibility of having other
thermal or heating conditions at the walls.

In this paper, the behavior of g-jitter induced free
convection in microgravity under the influence of a
transverse magnetic field is analyzed for a simple system
consisting of two parallel impermeable infinite plates
(channel) held at four different thermal boundary con-
ditions. Our objective is to develop a basic under-
standing of the interaction between the applied magnetic
field and the oscillating flows associated with the g-jitter
for the different wall heating conditions and in the
presence of heat generation or absorption effects. Var-
ious limiting cases based on the general solution are
examined.

2
Governing equations
Consider laminar, fully-developed, free convection flow of
a Newtonian, electrically-conducting and heat-generating
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or absorbing fluid at a temperature To between two
infinitely long impermeable parallel plates caused by a
temperature gradient or different heating conditions at the
plates in the presence of a transverse magnetic field (see
Figure 1). The left wall is maintained at a constant tem-
perature T1 or a constant heat flux q1 while the right wall is
maintained at a constant temperature T2 or a constant heat
flux q2. The gravity field is assumed to be spatially con-
stant and oscillatory with time. The magnetic Reynolds
number is assumed to be small so that the induced mag-
netic field can be neglected. Also, the channel walls are
assumed to be electrically non-conducting. All fluid
properties are assumed constant except the density in the
buoyancy term of the momentum equation. The governing
equations for this investigation are based on the balance
laws of mass, linear momentum, and energy along with
Maxwell equations for the electromagnetic phenomenon.
Under the above mentioned assumptions, these equations
reduce to
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where t is time, x and y are the vertical and horizontal
distances, respectively. u and T are the fluid vertical ve-
locity component and temperature, respectively. m, q, r, a,
cp and Qo are the fluid kinematic viscosity, density, elec-
trical conductivity, thermal diffusivity, specific heat, and
the dimensional heat generation or absorption coefficient,
respectively. bT, Bo, Bx, and Ez are the fluid thermal ex-
pansion coefficient, the applied magnetic field, the
x-component of the magnetic induction, and the electric
field component normal to the x-y plane. g(t) is the
residual gravity field or g-jitter.

For a time harmonic or oscillatory g-jitter with a fre-
quency x such as that occurring in space due to me-
chanical vibrations, g(t)=goejxt (go being the g-jitter

magnitude and j being the complex number index such
that j2=–1), the flow field as well as the induced electric
field will have a similar oscillatory behavior. That is,
u=uoejxt and Ez=Eoejxt where uo and Eo are functions of y
only.

The physical dimensional boundary conditions for this
problem are given by

uðt; 0Þ ¼ 0; uðt; LÞ ¼ 0 ð4a; bÞ

Tðt; 0Þ ¼ T1 or q1 ¼ �k
@T

@y
ðt; 0Þ ð4c; dÞ

Tðt; LÞ ¼ T2 or q2 ¼ �k
@T

@y
ðt; LÞ ð4e; fÞ

where k is the fluid thermal conductivity. Equations (4a,b)
indicate no slip conditions at both the left and right walls.
Equations (4c,d) correspond to isothermal left wall or
isoflux left wall (q1=constant). Equations (4e,f) corre-
spond to isothermal right wall or isoflux right wall
(q2=constant).

Differentiating Equation (1) with respect to x gives

@T

@x
¼ 0 ð5Þ

which means that the fluid temperature is independent of
x and, therefore, it will vary with t and y only. Following Li
(1996), it is convenient to non-dimensionalize the above
equations by using

g ¼ y

L
; s ¼ tm

L2 ; U ¼ uo

u�o
; E ¼ Eo

E�o
; h ¼ ðT� ToÞ

DT

ð6Þ

where L is the distance between the channel walls, DT is
the scaling temperature to be defined subsequently, and u�o
and E�o are scaling factors for the velocity and electric field
given by

u�o ¼
gobTðT2 � ToÞL2

m
; E�o ¼

gobTðT2 � ToÞL2Bo

m
ð7Þ

Substitution of the oscillatory functions for g(t), u(t, y)
and Ez(t, y) and Equations (5) and (6) into Equations (1)
through (3) and rearranging yields
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where

X ¼ xL2

m
; Ha2 ¼ rB2

oL2

qm
; Pr ¼ m

a
; / ¼ QoL2

m
ð10Þ

are the dimensionless frequency, square of the Hartmann
number, Prandtl number, and the dimensionless heat
generation or absorption coefficient, respectively.

Fig. 1. Effects of / on |U| for isothermal–isothermal walls
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The dimensionless form of the boundary conditions
given by Equations (4a–f) is obtained by using Equa-
tions (6) to yield

Uðs; 0Þ ¼ 0; Uðs; 1Þ ¼ 0 ð11a; bÞ

hðs; 0Þ ¼ rt; rtq or
@h
@g
ðs; 0Þ ¼ �1 ð11c; dÞ

hðs; 1Þ ¼ 1; rqt or
@h
@g
ðs; 1Þ ¼ �1; �rqq ð11e; fÞ

where

rt ¼
T1 � To

T2 � To
; rtq ¼

T1 � To

q2L=K
;

rqt ¼
T2 � To

q1L=K
; rqq ¼

q2

q1

ð12Þ

It should be noted here that DT=T2 – To for isothermal-
isothermal walls, DT=q2L/k for isothermal-isoflux walls,
and DT=q1L/k for isoflux-isothermal and isoflux-isoflux
walls.

3
Analytical solutions
In this section, analytical solutions for the velocity and
temperature profiles in the channel are reported for four
different thermal boundary conditions. These are the iso-
thermal–isothermal (T1 – T2), isothermal–isoflux (T1 – q2),
the isoflux–isothermal (q1 – T2) and the isoflux–isoflux (q1

– q2) thermal boundary conditions. All of these solutions
assume that the temperature field have reached the steady-
state conditions.

Without going into detail, it can be shown that the
solutions of Equations (9) and (8) for the temperature and
velocity distributions in the channel, respectively are given
by

hðgÞ ¼ C�1 coshðsgÞ þ C�2 sinhðsgÞ ð13Þ

UðgÞ ¼ C1 coshðbgÞ þ C2 sinhðbgÞ þ A coshðsgÞ
þ B sinhðsgÞ þ D

ð14Þ

where

s ¼ i
ffiffiffiffiffiffiffiffi

/Pr
p

; b ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Ha2 þ jX
q

ð15Þ

A ¼ �C�1
s2 � b2 ; B ¼ �C�2

s2 � b2 ; D ¼ �Ha2E

b2 ð16Þ

C1 ¼ �A� D;

C2 ¼
�A½coshðsÞ � coshðbÞ� � B sinhðsÞ � D½1� coshðbÞ�

sinhðbÞ
ð17Þ

and

C�1 ¼ rt; C�2 ¼
1� rt coshðsÞ

sinhðsÞ ð18Þ

for the isothermal–isothermal case,

C�1 ¼ rtq; C�2 ¼
�½1þ rtqs sinhðsÞ�

s coshðsÞ ð19Þ

for the isothermal–isoflux case,

C�1 ¼
srqt þ sinhðsÞ

s coshðsÞ ; C�2 ¼ �
1

s
ð20Þ

for the isoflux–isothermal case, and

C�1 ¼
coshðsÞ � rqq

s sinhðsÞ ; C�2 ¼ �
1

s
ð21Þ

for the isoflux–isoflux case.

4
Limiting cases
For the case of asymmetric isothermal wall conditions and
in the absence of heat generation or absorption (/=0), the
temperature and velocity profiles in the channel are ob-
tained from Equations (13) and (14) by using the Taylor
series expansions of cosh(z) and sinh(z) such that

coshðzÞ ¼ 1þ z2

2
þ Oðz4Þ; sinhðzÞ ¼ zþ z3

6
þ Oðz5Þ

ð22Þ

(where z is any variable) and letting /fi0 (or sfi0). Doing
this, Equation (13) becomes

hðgÞ ¼ rt 1þ s2

2
þ � � �

� �

þ
1� rt 1þ s2

2 þ � � �
� �h i

ðsgþ � � �Þ
sþ � � �

ð23Þ
Therefore,

Limit
s!0

hðgÞ ¼ rt þ ð1� rtÞg ð24Þ

The velocity distribution can be written as

UðgÞ ¼ N1 coshðbgÞ þ N2 sinhðbgÞ þ A� þ B�ðsgÞ þ D

ð25Þ

where

A� ¼ rt

b2 ; B� ¼ 1� rt

b2s
ð26Þ

N1 ¼
1

b2 ½Ha2E� rt�;

N2 ¼
1

b2 sinhðbÞ
ðHa2E� rtÞ½1� coshðbÞ� � ð1� rtÞ
� �

ð27Þ

Using the trigonometric identity

sinhðbþbgÞ¼sinhðbÞcoshðbgÞþcoshðbÞsinhðbgÞ ð28Þ
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and rearranging yields

UðgÞ¼ 1

b2

ðrt�Ha2EÞþð1�rtÞgþðHa2E�1ÞsinhðbgÞ
sinhðbÞ

þðHa2E�rtÞsinh½bð1þgÞ�
sinhb

8

<

:

9

=

;

ð29Þ

Equations (24) and (29) are exactly the same as those re-
ported earlier by Li (1996).

Furthermore, by using the Taylor series expansion
sinhðbÞ ¼ bþ b3

6 þ Oðb5Þ; allowing bfi0 in Equation (14),
and neglecting higher-order terms, the following result is
obtained

Limit
b;/!0

UðgÞ ¼ ð2rt þ 1Þ g
6
� rt

g2

2
þ ðrt � 1Þ g

3

6
ð30Þ

Equation (30) gives the same expression obtained by Aung
(1972) for fully developed laminar convection between
vertical plates heated asymmetrically in the absence of heat
generation or absorption and magnetic field effects and
where the gravity field is constant.

For the case of a pure g-jitter induced time harmonic
motion without the magnetic field, the oscillatory flow
velocity in the channel whose amplitude is spatially de-
pendent is obtained by setting Ha=0 in Equation (14) to
yield

UðgÞ¼N3 cosh
ffiffiffiffiffi

jX
p

gþN4 sinh
ffiffiffiffiffi

jX
p

þA1 coshðsgÞ
þB1 sinhðsgÞ ð31Þ

where

A1¼
�C�1

s2� jX
; B1¼

�C�2
s2� jX

ð32Þ

N3¼�A1; N4¼
�A1 coshðsÞ�cosh

ffiffiffiffiffi

jX
p� 	

�B1 sinhðsÞ
sinh

ffiffiffiffiffi

jX
p
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ð33Þ

Further, in the limit as / fi 0 (no heat generation or
absorption) which means s fi 0 and with the use of
Equations (22) and (28), Equations (31) through (33)
combined reduce to

Limit
Ha;/!0

UðgÞ¼

1

jX
rtþð1�rtÞg�

sinh
ffiffiffiffiffi

jX
p

g
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þrt sinh
ffiffiffiffiffi

jX
p

ð1�gÞ
� 	

sinh
ffiffiffiffiffi

jX
p

( )

ð34Þ

which is the same result reported earlier by Li (1996).
For the case of magnetic damping natural convection

with heat generation or absorption effects (X=0, / „ 0)
under earth-bound conditions, the non-oscillatory velocity
profile in the channel reduces to

UðgÞ ¼ N5 coshðHagÞ þ N6 sinhðHagÞ þ A2 coshðsgÞ
þ B2 sinhðsgÞ þ D2 ð35Þ

where

A2 ¼
�rt

s2 �Ha2 ; B2 ¼
rt coshðsÞ � 1

ðs2 � Ha2Þ sinhðsÞ ; D2 ¼ �E

ð36Þ

N5 ¼ �A2 þ E;

N6 ¼
�A2½coshðsÞ � coshðHaÞ� � B2 sinhðsÞ þ E½1� coshðHaÞ�

sinhðHaÞ
ð37Þ

Again, as /fi0, it can be shown that Equation (35)
reduces to the solution given by Li (1996) which is

UðgÞ ¼ 1

Ha2

ðHa2E� 1Þ sinhðHagÞ
sinhðHaÞ �

Ha2Eþ rt þ ð1� rtÞg

þðHa2E� rtÞ sinh½Hað1� gÞ�
sinhðHaÞ

8

>

>

>

>

>

>

<

>

>

>

>

>

>

:

9

>

>

>

>

>

>

=
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>

>

>

>

;

ð38Þ

As noted by Li (1996), when rt=1, that is h(g)=1 (uniform
temperature in the channel), the above expression reduces
to the solution of the classical Hartmann problem with a
constant pressure gradient reported by Hughes and Young
(1966). For this particular case, the pressure gradient
would be normalized to unity. It should be mentioned that
similar special cases can be obtained for other cases of
isothermal–isoflux, isoflux–isothermal and isoflux–isoflux
wall conditions.

5
Total current results
With the velocity distribution in the channel known, the
induced current density and the total current can be cal-
culated. The total current is determined by integrating the
induced current density Cd(g)=E + U(g) between the
plates. This is given by

I ¼
Z

1

0

CdðgÞdg ð39Þ

Substituting the general form of the velocity profile in the
channel (Equation (14)) and performing the integration
yields

I ¼ Eþ Dþ C1

b
sinhðbÞ þ C2

b
coshðbÞ � 1½ � þ A

s
sinhðsÞ

þ B

s
½coshðsÞ � 1� ð40Þ

In the limit as sfi0 (/fi0), and with the use of Equa-
tions (22), (26), and (27), Equation (40) reduces to

I¼Eþ 1

b2

rtþ1

2
�Ha2Eþ½coshðbÞ�1�

bsinhðbÞ ½2Ha2E�rt�1�
� 

ð41Þ
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which is the same expression reported earlier by
Li (1996).

Depending on the electric conditions of the vertical
plates, the velocity field in the channel can be altered. First,
contrary to the working fluid, when the channel walls are
electrically non-conducting (insulators), then the total
current in the channel flow is zero (I=0). For this situation,
the electric field E can be calculated by setting Equa-
tion (40) equal to zero and solving for E to give

E¼
A
bsinhðbÞþ A½coshðsÞ�coshðbÞ�þBsinhðsÞ

bsinhðbÞ

� 

½coshðbÞ�1�

�AsinhðsÞ
s þB

s ½coshðsÞ�1�

8

>

<

>

:

9

>

=

>

;

�

1�Ha2

b2 1�sinhðbÞ
b
þ½1�coshðbÞ�2

bsinhðbÞ

( )( )

ð42Þ

In the limit as sfi0, it can be shown that Equation (42) reduces to

the expression given by Li (1996) which is

E¼1þrt

2

2coshðbÞ�bsinhðbÞ�2

2Ha2½coshðbÞ�1�þjXbsinhðbÞ

� 

ð43Þ

However, when the channel walls are electrically
conducting, the total current in the channel is not zero.
But the fact that the tangential electric field must be
continuous across the fluid to wall interface requires that
the electric field vanishes (see Hughes and Young, 1966
and Li, 1996). In this case, the velocity distribution and
the total current in the channel are given, respectively,
by

UðgÞ ¼ N7 coshðbgÞ þ N8 sinhðbgÞ þ A coshðsgÞ
þ B sinhðsgÞ

ð44Þ

IðgÞ ¼ N7

b
sinhðbÞ þ N8

b
½coshðbÞ � 1� þ A

s
sinhðsÞ

þ B

s
½coshðsÞ � 1�

ð45Þ

where

N7 ¼ �A; N8 ¼
�A½coshðsÞ � coshðbÞ� � B sinhðsÞ

sinhðbÞ
ð46Þ

In the absence of heat generation or absorption (/=0),
Equation (44) can be shown to reduce to the result given
by Li (1996) which is

UðgÞ ¼ 1

b2 rt þ ð1� rtÞg�
sinhðbgÞ þ rt sinh½bð1� gÞ�

sinhðbÞ

� 

ð47Þ

6
Graphical results and discussion
Numerical evaluations of the analytical solutions reported
in the previous section are performed and some re-
presentative results are illustrated graphically in Figures 1
through 11. These results are selected to show the effects of

heat generation or absorption and the various heating
conditions at the walls.

Figure 1 depicts the influence of the heat generation or
absorption / on the flow velocity amplitude |U| for the
case of electrically-conducting (E=0) symmetric and
asymmetric wall temperature condition for two different
temperature gradient situations rt=1 and rt=–1. Physically
speaking, heat generation causes the temperature dis-
tribution in the channel to increase. This causes higher
buoyancy-induced flow in the vertical direction. This is
reflected in the increases in the velocity amplitude |U| as /
increases shown in Figure 1. On the contrary, heat ab-
sorption causes decreases in the fluid temperature which
produce retardation in the convective flow. It is apparent
from Figure 1 that the velocity amplitude |U| for rt=1 is
symmetric in this channel while it approaches a half wave
shape for rt=–1. The results for /=0 are in excellent
agreement with those reported by Li (1996).

Figures 2 and 3 illustrate the effect of / on the velocity
amplitude |U| for a channel having electrically-conducting
(E=0) isoflux–isothermal wall conditions for two different
thermal gradient situations rqt=1 and rqt=–1, respectively.
As mentioned before, increases in / produce higher in-
duced flow rates in the channel. It is observed from these
figures that for /=0.5 while the velocity amplitude remains

Fig. 2. Effects of / on |U| for isoflux–isothermal walls (rqt=1)

Fig. 3. Effects of / on |U| for isoflux–isothermal walls (rqt=–1)
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almost symmetric in the channel for rqt=1, it becomes
totally asymmetric for rqt=–1 in which most of the flow
occurs close to the isoflux wall with the existence of a small
wave-like near the isothermal wall. It is expected that for
rqt=1 the profile of |U| becomes more asymmetric and its
peak value moves towards the isoflux wall as / is increased
beyond 0.5.

Figures 4 and 5 present |U| for various values of / for
the case of electrically-conducting isothermal–isoflux wall
conditions for the thermal gradients rtq=1 and rtq=–1,
respectively. Comparing these figures with Figures 2 and 3,
it can be seen that the corresponding opposite effect is
produced by reversing the wall thermal conditions in
which most of the flow is induced very close to the right
isoflux wall for the heat generation case in which /=0.5
and rtq=1 while the flow is almost symmetric in the
channel for rtq=–1. It should be noted that for rtq=1 with
/=0 or /=–1 the flow close to the isothermal wall is more
significant than that near the isoflux wall.

The magnetic damping of the flow velocity amplitude
|U| in the channel with electrically-conducting isoflux–
isothermal wall conditions is shown in Figure 6. Imposi-
tion of a transverse magnetic field normal to the flow di-
rection gives rise to a resistive force called the Lorentz
force which causes suppression in the velocity amplitude
|U| resulting from increasing the Hartmann number Ha as
shown in Figure 6.

In Figure 7, the Imag(UejXs)=Real(U) sin(Xs) +
Imag(U) cos(Xs), which represents the measurable value
of the driving gravity force Imag(goejXs)=go sin(Xs),
within the channel walls is presented for three thermal
gradient cases (rqt=–1, 0, 1) of the isoflux–isothermal wall
conditions. It is seen that increasing the Hartmann num-
ber Ha to 5 diminishes the existence of the wave appearing
for Ha=0 for both rqt=0 and rqt=1. However, the oscilla-
tory behavior remains slightly for rqt=–1.

Figure 8 shows the effects of the g-jitter frequency X on
the flow behavior in the channel for three thermal gradient

Fig. 5. Effects of / on |U| for isothermal–isoflux walls (rtq=–1)

Fig. 4. Effects of / on |U| for isothermal–isoflux walls (rtq=1) Fig. 6. Effects of Ha on |U| for isoflux–isothermal walls

Fig. 7. Effects of Ha on Imag(UejXs) for isoflux–isothermal walls

Fig. 8. Effects of X on |U| for isothermal–isoflux walls
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cases (rtq=–1, 0, 1) of the electrically-conducting (E=0)
isothermal–isoflux wall conditions. Consistent with pre-
vious studies, it is predicted that less induced flow in the
channel occurs as the g-jitter frequency X increases. This
suggests that a g-jitter with higher frequency would have
less harmful effects in inducing flow variations across the
channel.

Figure 9 illustrates the influence of the various thermal
gradients for the cases of isothermal–isothermal, isoflux–
isothermal, isothermal–isoflux, and isoflux–isoflux wall
conditions at the same parametric conditions on the flow
velocity in the channel. It is observed that the highest in-
duced flow occurs for the case of isoflux–isothermal walls
while the slowest induced flow takes place for the isoflux–
isoflux walls. Also, it is noted that a region of zero flow
occurs within the channel (g=0.3) for the case where
rqq=0.5 and that most of the flow takes place in the regions
close to the walls especially the right wall.

Figure 10 depicts the behavior of the flow distribution
in the channel for various Xs values for the electrically-
conducting isoflux–isothermal walls with rqt=–1. As ob-
vious from this figure, a small oscillatory behavior of the
flow in the channel is predicted. This is in contrast with
the well-defined wave oscillation along the g direction with
a zero velocity time-invarying nodal point at g=0.5 pre-
dicted by Li (1996) for the case of isothermal–isothermal
walls with rt=–1 and in the absence of heat generation
(/=0).

Figure 11 shows the effects of Ha, / and the thermal
gradient coefficients rt and rtq on the total current I for
electrically-conducting channel walls. It is predicted that
the total current in the channel decreases with increases in
the values of Ha. In addition, the effect of heat generation
(/>0) is found to increase the total current in the channel
for all values of Ha. Also, as the thermal gradient coeffi-
cient for isothermal–isothermal walls (rt) increases, the
total current I is observed to increase. However, the op-
posite occurs when the thermal gradient coefficient for
isothermal–isoflux walls (rtq) increases.

Figure 12 displays the effects of / on the velocity am-
plitude |U| for electrically-insulating (E „ 0) isothermal–
isothermal and isothermal–isoflux channel walls. For this
situation the electric field E is calculated from Equa-
tion (42). Comparison of this figure with Figure 9 shows
that the magnetic damping effect through the application
of the magnetic field is much stronger for the case of
electrically-conducting channel walls than for electrically-
insulating walls. This is consistent with the conclusion of
Li (1996).

7
Conclusion
The problem of g-jitter or residual acceleration induced
free convection flow of an electrically-conducting and heat
generating or absorbing fluid through a parallel-plate

Fig. 9. Effects of thermal gradient parameter on |U|

Fig. 10. Effects of Xs on Imag(UejXs) for isoflux–isothermal walls

Fig. 11. Effects of Ha, rt, rtq and / on total current

Fig. 12. Flow fields for electrically-insulating walls
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channel in the presence of a transverse uniform magnetic
field was considered. The walls of the channel were held at
constant temperature or heat flux and were either elec-
trically-conducting or electrically-insulating. Four differ-
ent combinations of wall thermal conditions were
considered. These were the isothermal–isothermal, iso-
flux–isothermal, isothermal–isoflux and the isoflux–iso-
flux conditions. The governing equations for this
investigation were derived and solved in closed form for
the velocity and temperature distributions in the channel.
In addition, based on the wall electric conditions, analy-
tical expressions for the total current and the induced
current in the channel were derived. Various limiting cases
were reported and favorable comparisons with previously
published work were obtained. It was found that enhanced
induced convective flows in the channel were obtained
when the fluid heat generation effect was considered. The
opposite behavior was predicted when the fluid heat ab-
sorption effect was included. In addition, higher induced
flow rates and a less oscillatory flow behavior in the
channel were predicted for isoflux–isothermal walls than
for isothermal–isothermal walls. On the contrary, lower
flow rates were predicted for the isoflux–isoflux walls than
for the isothermal–isothermal walls. Also, for the case of
isoflux–isoflux walls, most of the flow took place close to
the walls with zero flow in the middle of the channel.
Moreover, the magnetic damping effect on the flow is
much stronger for the cases of electrically-conducting
walls than for electrically-insulating walls. It is hoped that
the various induced flow behaviors for the different wall
conditions predicted in this work in addition to the effect
of heat generation or absorption will serve as vehicle for
selecting a well-behaved flow condition for semi-con-
ductor crystal growth under terrestrial conditions.
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